INTRODUCTION
POPULATION studies on the pattern of variation in many plant species have revealed the existence of localised races or ecotypes each adapted to the particular environmental conditions of its habitat. The pattern of microgeographical differentiation among such local races is, however, very often complex, as shown by the distribution of gene frequencies or of quantitative characters. In a species with more or less continuous distribution, there may be dines of varying slopes interspersed with rather sharp discontinuities corresponding to changes in the environment. Such a pattern of variation is perhaps best termed a graded patchwork and has been reported in Agrostis tenuis (Bradshaw, 1959) , Eschscholtzia caljfornica (Cook, 1962) and other examples cited by these workers. As shown by Epling and Dobzhansky (1942) in Linanthus parryae, as well as by many other workers, the larger geographic subdivisions may give a greater degree of genetic divergence than the smaller microgeographic subdivisions. Therefore, in many reports on the discontinuous patterns of ecotypic variation, a rather small number of widely spaced sampling sites might have been involved, giving an erroneous picture of the true situation (Bradshaw, 1962) .
It has been argued frequently that a geographical discontinuity of species distribution is a prerequisite at one stage or another for the occurrence of any marked local differentiation, since any interchange of genes through pollen or seed dispersal is likely to counterbalance the divergent local pressures that might be operating in various neighbour-Although Agrostis tenuis is perennial, some deaths and replacement of a certain proportion of the entire population would seem to occur annually in both habitats, particularly on the mine area.
The sampling was by collection of 20 tillers at random over areas 5 metres X 25 metres whose long axis were at right angles to the transect. These were grown on and planted out in a randomised block layout in a garden for 2 years. They were then tested for lead tolerance using the technique of Jowett (1964) A very sharp transition over the 20 metres separating the two populations on each side of the boundary can be seen. It is particularly interesting that these two populations have the same levels of tolerance as the populations considerably further away from the boundary. The latter have tolerances typical of fully tolerant and intolerant populations respectively. Example 2.-AgrostiS tenuis on Drws-y-coed copper mine (data of T.S.
McWeil1y)
Agrostis tenuis can also develop natural populations tolerant to copper (Bradshaw, McNeilly and Gregory, 1965) . One such population is that found growing on a disused copper mine working at Drws.ycoed, near Rhyd-ddu, North Wales. The contaminated area is small, 2D area. The same method of testing was used, but with a solution containing 05 p.p.m. copper. The individual genotypes were replicated so that the tolerance of each genotype could be determined; therefore not only the means but also the coefficients of variability of the populations are given in fig. 2 . A very sharp transition over a few metres from fully tolerant to normal intolerant populations is to be seen, similar to that for the previous example. At the same time there is a significantly higher variance in the populations at the ecological transition point. Example 3.-Anthoxanthum odoratum on Trelogan zinc mine (data of P.D. Putwain) Anthoxanthum odoratum, Sweet Vernal, has been shown to develop marked tolerance to zinc where it grows on the group of calcareous lead and zinc mines in N.E. Wales (Gregory and Bradshaw, 1965 The mine workings are covered by a variety of species. There is, however, a considerable quantity of bare ground. The adjoining pasture is a typical low grade lowland pasture, fairly heavily grazed, with only a small amount of Anthoxanthum. The sampling followed the pattern as in the previous case, but about 30 tillers were taken at random from each area, and these were grown on for 3 months in ordinary soil in a greenhouse. Tillers were then taken at random from this material and tested in the same manner as previously, using solutions containing 05 p.p.m. zinc. The mean tolerance levels of various samples are given in fig. 3 .
A pattern of differentiation similar to that demonstrated previously can again be seen. The populations at each end of the transect show the maximal extremes of tolerance and intolerance. Agrostis stolonfera, Creeping Bent, is closely related to Agrostis tennis and is similarly perennial and self incompatible, but differs in being markedly more stoloniferous. It is found occurring commonly in a variety of fertile permanent pastures, where its stolons ramif' through the vegetation. It occurs also growing in crevices and pockets of earth on exposed, bare sea cliffs. The populations in such situations have a very different morphology; the plants are tufted, and the stolons are much shorter due to a reduction in internode length. This character is retained in cultivation, is heritable, and appears to be an adaptation to exposure to wind (Aston, 1962) .
Populations were sampled along a transect which went from an exposed cliff into protected pastures (fig. 4 ). All the populations at the cliff foot and up to the cliff top edge suffer severe wind exposure; the rest do not. A. stolonfera is very abundant as tufts or patches over the area on the bare cliff or in the pasture (about 4 plants per sq. metre). The sample areas were the same as in the other investigations with Agrostis. Twenty plants were taken from each site. These were put into trial under garden conditions and the mean stolon length of the populations determined ( fig. 4) .
A very marked transition between the exposed and protected parts of the transect is to be seen. As in the first example the transition appears complete even in the populations most closely adjacent to the boundary. Anthoxanthum odoratum is a common component of many lowland pastures in the British Isles. It occurs in most plots of the Park Grass Experiment at Rothamsted. These plots were established in 1856 by Lawes and Gilbert to investigate the effect of continuous application of fertilisers to an otherwise uniform area of meadowland. In 1903 additional lime treatments were applied across the existing plots and have been continued to the present day. The various fertiliser and liming treatments have greatly altered the species composition and general growth of the vegetation on the plots, which have a mean size of 20 m. X 35 m. (Brenchley, 1958) .
Population samples of A. odoratum collected from a number of contrasting plots have been shown to differ significantly in a large number of morphological and physiological attributes correlated with environmental conditions existing on the mature plots (Snaydon, 1963) .
The boundary between contrasting plots is extremely clear cut, environmental changes being complete over distances of less than 50 cm. Therefore, investigation has been made of population differentiation across the abrupt boundary between limed and unlimed sub-plots of plot i which has received 43 lb./acre/annum of Ii as ammonium sulphate. Population samples of A. odoratum tillers were collected at random within sample strips running across the entire width of the plots and parallel to the boundary; the sample strips varied in size from 5 cm. X 12 m. at the boundary to 120 cm. x 12 m. at the two ends of the transect. The density of A. odoratum plants was approximately twenty times greater on the limed than on the unlimed plot. Sampled tillers were grown on for 4 months then broken down to individual tillers and planted into both acid and calcareous soil and grown for 5 months in greenhouse conditions. The mean dry weights per plant at the end of this period are given in fig. 5 .
It will be seen that there is a very marked transition in the average plant size along the transect. However, the point at which the change occurs does not coincide with the point of ecological change despite the precision of the latter. The coefficient of variability between genotypes within populations shows considerable increase in this transitional zone. Gene flow can also be caused by seed migration. The effect per propagule will be twice that for pollen. However, all the species, although they have small seeds, have no particular adaptations to dispersal by wind or other means, and the seed are born in inflorescences very close to the ground. It seems unlikely that in the present examples gene flow by seed is important in comparison with that by pollen. The estimates of coefficients of selection are in many cases very high. In other cases they are low: but in no case are they as low as those often used in the past in calculations of the effects of selection. Indeed no coefficient is estimated to be less than 5 per cent.
From the balance of the values for selection with those for gene flow it would appear very possible for differential selection on two sides of an ecological boundary to hold populations, only a very short distance apart, different from each other. Thus from the values of Griffiths Blair (i4) , are likely to be complex. The degree of perenniality of the species may also be important. Selection is also not operating on individuals of extreme type, representative of the contrasting populations, but on the results of hybridisation between the populations: the degree of dominance will be important. It therefore seems necessary to examine the process of evolution in adjacent populations in a more precise manner, before any further appraisal can be made of the five cases already described.
SIMULATION OF JOINT EFFECTS OF MIGRATION AND SELECTION (I) Previous work
The effects of migration in relation to random processes of differentiation has been studied by Wright (1931 Wright ( , 1943 . He considered two different models of migration, namely, (r) the so-called "island model in which a population might be subdivided into several panmictic units that receive a certain proportion of migrants drawn at random from the entire population and (2) the" isolation-by-distance" model in which a more or less continuously distributed species has interbreeding limited to small distances due to the short range dispersal of gametes or zygotes following a normal curve thus resulting in some isolation among the remote populations. As noted by Wright himself (i), the island model is rather unlikely to be exactly realised in nature whereas the isolation-by-distance model is realistic and more likely to be interesting. Although his treatment was primarily concerned with the effect of isolation-by-distance on the amount of nonadaptive random differentiation among various effective neighbourhoods, he remarked that " diversity in degree and direction of selection among localities is of course a wholly different matter and may bring about great differentiation if not overbalanced by migration ". Kimura and Weiss (1964) have studied the problem of random differentiation under a stepping stone model of migration where migration occurs only between adjacent colonies. The island model represents an extreme form of long range dispersal in contrast to the short range nature of Kimura's model. Clearly, the average rate of migration as well as the range in terms of mean distance are important in relation to the extent of adaptive, or nonadaptive differentiation. The effects of migration in relation to divergent selection pressures have been studied by several models. Levene (1953) analysed a multiple environment situation but with complete random mating among the members of all neighbourhoods (sub-populations occupying different environments). On the other hand, Haldane (1948) and Fisher (1950) have studied clinal variation as maintained under opposing forces of selection and gene flow with a normal distribution, for a simple character involving complete dominance or no dominance. Fisher's model assumes selection intensity to be a function of distance from an intermediate region of no selection. Under the weak selection considered by Haldane, the slope of the dine measuring the amount of divergence was consequently low. However, the examples of clinal variation presented in the previous sections suggest fairly potent selection pressures to be involved. Moreover, as shown by the work of Bateman (ig7), Griffiths (1950), Colwell (i x) and others, the leptokurtic distribution of pollen seems to be the most likely form of gene flow in these examples as well as more generally.
Therefore, the present study was undertaken to simulate a wide variety of model situations, with particular emphasis on leptokurtic distribution of gene flow, to examine the quantiative inter-relations between the parameters of selection and gene flow. In addition, the degree of dominance, unequal rates of dispersal and generation intervals are considered. The comparison that can be made between the leptokurtic and normal curves is of particular significance in view of their differences in the lower and extreme ranges of dispersal.
(equivalent to taking the extent of perenniality or duration of a generation) may be the same or different for the two environments. (8) Finally, the effective size of each sub-population is assumed to be infinitely large so that random differentiation is absent. This might not be a serious restriction on the model in view of rather strong selective forces involved. En view of the purpose of the investigation it was considered a valid simplification. Several different modes of pollen dispersal can be studied by the choice of a distribution function, f(x), where x denotes in units the distance among the sub-populations along a linear habitat. Fig. 7 shows graphically the different choices off(x) that give island model, stepping stone model, normal and leptokurtic curves. The scale for measuring the linear distance in x units can be suitably chosen to simulate the probable dispersion range for any specific population A and a in jth population (j = i.. . k). and p,,.,, q be the corresponding frequencies in the pollen pool soon after dispersal. Given any function f(x) which may be treated as a discontinuous function to give a histogram for a finitely small number of sub-populations, the values of q, for the nth generation after dispersal can be determined with, say,f(x) = exp (-cx)/x, by the relation
where k i and / / indicates absolute value, and change in q1 through pollen dispersal,
If t1 and t2 are generation intervals, and selection operates in the following form:
Genotype at ith locus
where s1, 2 are selection coefficients and h1, h2 are measures of dominance, the gene frequencies q1 in (n +1 )th generation are given by the relations: for environment i, j == i to 5
for environment 2, j = 6 to 10 i[ (I-h2s2)A+hzs2B
where A = q7) +q,7] and B = (q7))(q?).
Thus, using relations (i) -(s) the distribution of gene frequencies q1 can be determined during the successive generations and finally at equilibrium as given by Jq = o. With several loci which are more or less similar and noninteracting, the above expressions can be summed over all loci to give total change in mean, variance or other statistics.
Unequal rates of dispersal are also easily introduced in the model by taking different functions f(x) in two directions. With these several variables in the model, to obtain literal solutions is apparently much DIVERGENCE AMONG ADJACENT POPULATIONS 421 too involved and therefore, it was necessary to find particular solutions for gene frequency distribution by simulation on an electronic computer (IBM 7040) to a wide range of numerically specified situations.
(iii) Numerical results from simulation Populations initially at gene frequencies q, = O95 or O999 (for all ten sub-populations) were allowed to change under migration and selection for a large number of generations until a stable equilibrium was reached. The stability of the equilibria is ensured by the counteracting forces of selection and gene flow. These initial gene frequencies were chosen on the assumption that genes governing tolerance are in fact rare in these natural populations (for which there is evidence: Bradshaw, McNeilly and Gregory 1965 and unpublished) and thus, rates of initial increase in their frequency could also be studied. Since the equilibrium solutions are in this case independent of initial frequencies, any other initial values of q would not change the results of our model. mean of q's, , was also calculated. This is of value if the populations are considered to be sub-populations of a large population subject to disruptive selection due to local permanent variations in habitat, since it indicates the equilibrium point of the overall population.
For various combinations of parametric values, the values of , a and E are given in table 3 for stepping-stone and island models and in table 4 for the normal and leptokurtic forms of pollen dispersal. In some cases involving relatively weak selection (viz. S1 = o25, s2 = oio) the population reached either only an approximate equilibrium, indicated by very slow change in q, or did not attain equilibrium even after 250 generations. In general, there are several interesting points to note from these results:
(t) The variance, a and the values of E are, as expected, large or small respectively with low or relatively high rates of gene flow, or short versus long range dispersal. The effect of different rates of dispersal on is proportionately larger under island model than the stepping stone model. Moreover, given nearly the same value of n (amount of gene flow), the range as measured relatively by g has conspicuous effects on the amount of differentiation. Obviously, the intensity of selection in the two environments further influences the pattern of gene frequency distribution. It is significant to note that even with as high gene flow as occurring with 50 per cent. or more pollen replacement through dispersal (iA, 3A, 4A) and rather moderate selection, the values of E are quite high, indicating some differentiation; and in fact marked differentiation occurs with all other lower rates of migration even with a leptokurtic pattern of gene flow. As emphasised repeatedly, the effects of selection and migration are in delicate balance at such high intensities of both pressures.
(2) Unequal selection coefficients result in even more complex relationships with different forms and amounts of pollen dispersal. This can yield higher or lower degrees of differentiation depending essentially on the relative intensities of selection and migration.
() With equal selection coefficients and same generation time DIVERGENCE AMONG ADJACENT POPULATIONS 425 models of migration. Any inequality, t1 t2, tends to yield differential effective rates of replacement through migration and influences equilibrium gene frequencies accordingly. Thus, in our model q1 at equilibrium, as well as a and E, are always higher with unequal generation times. The distribution of q becomes asymmetrical in the two environments despite apparent symmetry of selection and migration parameters.
() Likewise, the degree of dominance has a significant influence on gene frequencies under such interacting forces. Higher dominance in general yielded a higher value of q and a lower index of differentiation.
(iv) Pattern of divergence
The actual distribution of gene frequencies over the entire linear habitat gives dines of varying slopes. These are shown for two equal selection intensities ( fig. 8 ) and two unequal intensities ( fig. 9) , with equal versus unequal generation times. In general the slopes of the dines give the same relations between selection and migration as already described. It is of particular interest to note that under 1 t2, the amount of differentiation is higher than with t1 = t2 and the dines under different migration models are closer to each other. Model 4A has slightly lower slope than 3A but even with weak selection it gives some degree of differentiation. Under the island model, 2A, the value of q1 is the same for all five sub-populations within each environment and allows relatively less differentiation. Another characteristic which can be related to the slope of these dines is the magnitude of difference between q1 and q10. This is usually high even for models 3A and 4A that represent rather heavy amounts of gene flow. Table 5 gives the value of Lm obtained for several different examples. As expected, the migrational load is a function of both the amount or average rate and range of dispersal so that its highest values are obtained under model 2A and lowest with iB. Complete dominance and unequal generation times have some tendency to lower the load due to migration by influencing the effective intensities of selection and gene flow respectively. Perhaps in all the examples described in the first section of this paper there are significant differences in the density of plant distribution within the two environments, (e.g. example 5). As pointed out by Bateman, the quantity of available pollen can have a direct proportional effect on the rate of dispersal. Table 6 gives the values of a and E for several models of migration under unequal rates of dispersal where R measures the ratio between two rates: \r2J It can be seen that (i) only strong selection maintained both alleles in the population against the swamping effect of larger gene flow rates from environment i to environment 2, and (2) the amount of differentiation as well as again depend on the specific combination of the values assigned to various parameters. Fig. io shows the form off(q) under model 4A: that for 3A is very similar. The curves are asymmetrical and close to each other in environment i due to the relatively larger coefficients of migration for the favoured allele A, but more different in environment 2. Thus, asymmetry in both selection and gene flow can result in much more complex patterns of gene frequency distribution. Starting with a very low frequency of allele A(p1), say ooooI or oo5, it is seen from fig. ii that for model 4A under relatively strong selection pressures the allele A for tolerance increased to a frequency approaching its final equilibrium value within the first 5-20 generations. This is true for other models although the rate of initial increase is much slower under models iB and 2B especially with weak selection.
Complete dominance and unequal generation times tend to give slightly lower value of at equilibrium but rates of approach to equilibrium are quite high. Thus, a newly arising favourable gene with such a distinct selective advantage could easily be increased in a population largely irrespective of the form of migration over a very few generations.
(ix) Some variations in environment arrangement
The linear arrangement of sub-populations belonging to the different environments might be varied such that only a small central area might differ in selection rather than two wide regions. A further set of calculations has therefore been made in which it has been assumed that selection favours allele A only in a centrally located sub-population (No. 5) and allele a elsewhere, with selection coefficients s1 and s. Table 7 gives for the entire population and for q5, together with o under four different sets of selective values. It is significant to note that moderately strong selection pressures can maintain a certain degree of local differentiation even within such a single small central area in face of continuum of species dispersion and gene flow at levels such as we have already considered.
DISCUSSION
The important conclusion from the above results is that selection can cause very localised patterns of microgeographical variation despite migration through pollen dispersal. But the situation in nature is likely to be very complex, depending on various ecological and genetic factors. Any one factor may be important under one set of conditions and not under another. Thus the different effects of various modes of gene dispersion can be large or small depending on a combination of all other variables, of which the magnitude and persistence of selection pressures are most important. Under a model of divergent or disruptive selection, as shown by Mather (ig) , the quantitative rather than qualitative statements about these interacting forces leads to a more appropriate evaluation. For instance, while occasional long range dispersal may have significant effects in establishment of new colonies (Baker, 1951) , quantitatively speaking its importance in opposing local differentiation would depend on the values of parameters involved, as we have shown. In fact, under real situations in nature these processes are likely to be far more complex than visualised in our model.
There are several factors that can influence the population structure and the magnitude of selection and migration pressures. The integration of the gene pool and epistatic control of adaptive traits tend to lower the net effect of selection; while a non-homogeneous species distribution, inbreeding arising from assortative mating, and initial failure of immigrants, or alien genes, to adjust in the receptor genetic background, etc., would tend to reduce the effective rate of gene flow (Mayr, 1963; Grant, 1963) . In a well-studied example of microgeographic variation in Linanthus parryae, Epling, Lewis and Ball (1960) have recently shown that such factors as maintenance of large effective population size through storage of seed in soil, yearly and local fluctuations in systematic pressures, density-dependent selective forces and dispersal of pollen and seed by beetles and wind respectively results in a very complicated picture. Seasonal fluctuations in selective values such as those observed by Allard and Workman (i 963) further indicate the complexity of population dynamics.
In general we believe that the problem of local differentiation should be reviewed from at least two new perspectives, namely, (i) that selection pressures in closely adjacent micro-environments even only a few feet apart can differ greatly and (2) that gene dispersion is likely to be of leptokurtic form resulting in isolation-by-distance rather than stepping-stone or island model situations. The actual and potential gene flow may accordingly be quite different in any given ecological and genetic situation (Epling, 1947) . The migrational load may be quite high. Yet the fecundity of most species is sufficiently high that such loads are unimportant. This is certainly true in the examples studied and is supported by Barber (1964) . In view of the recent evidence for conditioning processes in plants (Durrant, 1962; Hill 1965) , it is tempting to believe, in the absence of theoretical evidence, that the very localised differentiation described can occur only because the species concerned have the ability to develop the relevant characters by processes of conditioning in the vegetative phase. As has already been discussed, there is as yet no evidence of this for the characters concerned: but conditioning cannot be precluded and is being investigated. However, the theoretical evidence makes it clear that we have no need to seek an explanation of localised differentiation by such means: normal processes of selection can readily achieve it.
The problem of the evolution of this type of local differentiation is directly related to the evolution of the larger taxonomic unit, the race, or subspecies. A distinction is often made between (a) the intrapopulational polymorphism in sympatric forms and (b) the divergence among allopatric populations arising under geographical isolation.
This has led to polemics about the so called theory of sympatric speciation. Several authors have discussed this problem with numerous examples (Grant, 1963 Mayr, 1963 for references) so that various arguments put forth in support or against the sympatric speciation need not be repeated here. However, several points can be emphasised.
Firstly, as Stebbins (1964) pointed out recently, the degree of spatial isolation needed during the initial stages of any such barrier must vary greatly from one group to another and genetic changes tending to suppress gene exchange between differentiating groups are as important as the mere chance events of geographical isolation. Experimental DIVERGENCE AMONG ADJACENT POPULATIONS 437 evidence suggests that reproductive barriers between and within species, disfavouring the wasteful hybridisation can develop as a result of natural selection (Dobzhansky, 1958; Knight, Robertson and Waddington, 1956 ; and see Spiess, 1962) . Secondly, it is necessary to resolve whether such hybridisation occurs only during secondary intergradation (Mayr, 1963) , or is in fact a primary stage in speciation. Huxley (1942) clearly emphasised the need of distinguishing the results of ecogeographical divergence followed by migration, from those of ecoclimatic divergence in situ. The examples that have been described in this paper are certainly cases of divergence in situ. Thirdly, it might be temping to attribute differences in plant and animal examples rather generally to their mode of life and reproduction. Huxley (1942) , for instance, concluded that "the multiple-ecotype species-structure of higher plants is to be contrasted with the regional differentiation typical of higher animals . . . the difference is doubtless due to the random methods of fertilisation and distribution in plants ". While in a generalised consideration this is true, in a detailed analysis the quantitative nature of the sympatry versus allopatry in the species, or in other words the juxtaposition of different populations and the degree of gene flow between them is more significant, and some situations in plants may be found very similar to some in animals.
There is a great confusion over the use of the terms sympatric and allopatric, and it is this that has perhaps contributed most to the arguments about sympatric speciation. The examples we have described illustrate the confusion. If we take the present usage of the terms, based on criteria of interbreeding, such as by Mayr (1963, p. 23 ) then all the cases are sympatric. But if we take the original definition, based on geographical criteria, of Poulton (I9o3), they are allopatric. Because of this confusion which is permanently engrained in the literature, it is better to resolve it by describing such situations as parapatric (Smith, 1965) , implying that a form of allopatry exists in which although the populations are geographically separate yet they are in sufficient proximity for some interchange of genes to occur.
Whatever definitions are used, complications in terminology need not blind us to the fact that populations of plants closely adjacent can diverge very remarkably even if there is only a small degree of geographic isolation. The same appears to be true in many animals, notably Cepaea nemoralis (Sheppard, 1952) . If allowance is made for the scale of dispersal it may also be found in species with high levels of dispersal. Thus Barber and Jackson (1957) found marked dines in Eucalyptus despite dispersal of pollen over considerable distances by birds. Ford (1964, p. 43 ) and Barber and Jackson (i,7) emphasise that although it was once considered that complete isolation is necessary for race formation, it is now clear that the selection pressures which normally maintain and adjust the characters of wild populations are powerful enough for differentiation to occur between geographically contiguous populations.
This is perhaps what has occurred in many cases in which sympatric speciation seems to have occurred, e.g. the apple and walnut Codling Moths in California. Detailed analysis may reveal parapatric differentiation, with differential selection supported by geographical restriction of gene flow, and make such cases more easily understood. Such a viewpoint is supported by Mayr (1963, Chap. 15) . Thus Ford (1964, Chap. 5) and Creed, Ford and McWhirter (1964) have discussed examples of evolutionary differentiation in Maniola jurtina which they term sympatric. But in their general pattern and in their details these examples are very similar to the general pattern in Agrostis tenuis (Bradshaw, 1959) and to the detailed patterns reported here. The case of Pinus monticola (Squillace and Bingham, 1958) , quoted by Grant (1963) as being sympatric speciation, is similar. However, it must not be forgotten that divergence under true sympatric situations is possible under certain conditions (Thoday and Boam, 1959) .
Finally, it is important to realise that the process of local differentiation and its various controlling forces have evolutionary significance not only in connection with formation of subspecies or species but also in the adaptive improvement within the whole taxonomic entity. The capacity to evolve locally adapted populations may increase considerably the total area and number of habitats the species can occupy. Wright (1951) suggests that the problem of localised differentiation leading to incipient speciation may be of secondary importance to considerations of maintenance of variation and improvement in fitness of the species as a whole. It is significant that the ability of a species to form a graded patchwork of adaptation matches very well the pattern of environmental variation found in nature.
More studies in ecological genetics should be carried out in order to understand the genetic basis of evolutionary divergence under a wide variety of species-environment strategies. The relationship between modes of reproduction and the variables of ecologic opportunity can be understood only when comparative studies on a variety of species have been made. A priori, such relationships can only have developed under the influence of natural selection. Inbreeding species, for instance, have generally been contrasted with outbreeders in their potential for race and species formation (Baker, 195 i; Grant, 1963) . However, the recent work of Imam and Allard (1965) in Avenafatua suggests that any such distinction is likely to be more a matter of degree than in kind.
At the same time it would appear that the ability of outbreeding species to form localised populations in the manner we have described is little different from that suggested for inbreeders. The strategy evolved by species in relation to their environments are many and complex. The full significance of each can only be appreciated by detailed analysis. It is one aspect of such strategies which has been considered in this paper. It is to be hoped that further experimental work and theoretical analysis will be forthcoming in the future to help our understanding of natural variation and evolution. 2. These studies provide a general framework, in terms of various ecological and genetic parameters involved, for developing a model involving two environments with disruptive selection favouring different alleles in them. In order to analyse the joint effects of selection and migration of various forms including the isolation-by-distance model, a simulation method was used to obtain numerical solutions to a wide range of specified situations.
3. In general, selection as strong as observed in the actual examples maintains local differentiation under gene flow even as high as given by 50 to 6o per cent. pollen" contamination" at any site. Both mean rate and range of dispersal have significance in the study of migration pressures. 4. The degree of dominance involved in the genetic system governing the character and inequality of generation interval have significant influence on the amount of local divergence. Unequal rates of gene flow in reciprocal directions are able to maintain polymorphism only with very strong selection whereas under weak selection gene flow results in fixation of the allele " dispersed" more heavily. Therefore interrelationships between the opposing forces of selection and migration tend to become very complex when all such variables are considered jointly.
5. The term sympatric has been used to include such cases of differentiation of adjacent populations. This usage is misleading, since on geographical criteria such cases are allopatric. They are therefore described as parapatric. It seems likely that many reported cases of supposed sympatric differentiation are in fact parapatric. 
